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ADJUSTING APPARATUS FOR ENHANCING 
THE CONTRAST OF IMAGE AND METHOD 

THEREFOR 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the priority bene?t of USA. pro 
visional application Ser. No. 60/866,608, ?led on Nov. 21, 
2006. The entirety of the above-mentioned patent application 
is hereby incorporated by reference herein and made a part of 
this speci?cation. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method for enhancing the 

contrast of an image and an apparatus therefor. More particu 
larly, the present invention relates to a method for enhancing 
the contrast of an image and an apparatus therefor by using a 
mask processor to reduce a memory space. 

2. Description of Related Art 
Due to rapid advances of a variety of multimedia applica 

tions, multimedia technologies have been Widely adopted in 
mobile devices. For instance, cell phones, personal digital 
assistants (PDAs), digital cameras, global positioning sys 
tems (GPSs), or the like mobile devices are equipped With an 
audio-visual playback function. As the multimedia technolo 
gies are integrated into the mobile devices, various image 
processing technologies must be taken into consideration, 
such as image compression, image sharpness, contrast 
enhancement of the images, and so on. Thereby, users of the 
mobile devices are able to Watch the images of high de?ni 
tion. 

Here, the contrast enhancement of the image is conducive 
to an improvement of image qualities, for not only each and 
every detail in the image is displayed distinctly, but also a 
depth-of-focus of the image is signi?cantly improved and the 
stereoscopic image can be achieved. In light of the foregoing, 
the attention from the public has been draWn to the Way to 
integrate an apparatus for enhancing the contrast into a min 
iaturiZed mobile device. Several references pertinent to the 
related art With respect to the contrast enhancement of the 
image are brie?y described hereinafter. 

The ?rst reference is a thesis entitled “Contrast Enhance 
ment Using Brightness Preserving Bi-histogram EqualiZa 
tion” published in Transactions on Consumer Electronics by 
Institute of Electrical and Electronic Engineers (IEEE) in the 
year of 1997. 

In the prior art reference, the histogram equalization is used 
for contrast enhancement of an image. Referring to the his 
tograms of FIGS. 1 and 2, the histogram equalization refers to 
an analysis of gray-scale distribution of the entire image, so as 
to establish the histogram as shoWn in FIG. 1. Afterwards, the 
histogram constituted by the image is analyZed and calcu 
lated, so as to approximate the number of the pixels of bright 
parts of the image to the number of the pixels of dark parts of 
the image. Further, the contrast among the pixels is enhanced. 
In other Words, as shoWn in FIG. 2, the luminance distribution 
of the image indicated in the histogram is more equaliZed. 
Note that the conventional histogram equaliZation easily 
leads to distortion of image luminance, and thus the pixels of 
the image are divided into tWo regions having pixel values 
larger than or less than an average gray-scale value before the 
histogram equaliZation is conducted according to the prior art 
reference, so as to perform another algorithm With respect to 
the histogram equaliZation on the bright region and on the 
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2 
dark region, respectively. Thereby, distortion of image lumi 
nance may be further reduced. 

Nevertheless, although the issue concerning distortion of 
image luminance is resolved by the prior art reference, mas 
sive memory spaces are required by the mobile devices 
according to this reference, such that the histogram constitut 
ing the entire image can be obtained. Moreover, tWo calcula 
tions performed on histogram equaliZation result in complex 
ity of manufacturing the mobile devices. 
The second reference is a thesis entitled “FuZZy Contrast 

Correction for Image Contrast Enhancement” published by 
Society for Information Display (SID) in the year of 2006, 
Which Will be explained beloW as shoWn in FIGS. 3 and 4. 
FIG. 3 is a histogram illustrating a result of analyZing gray 
scale distribution of an image, While FIG. 4 is a schematic 
diagram illustrating a function of enhancing the contrast of 
the image. Referring to FIGS. 3 and 4 together, in the prior art 
reference, the histogram is divided into a bright side and a 
dark side according to an average gray-scale value. After that, 
tWo peaks having a maximum pixel number, i.e., a, b, c, and 
d as indicated in FIG. 3, are retrieved from the bright side and 
the dark side, respectively. Thereby, With use of the peaks 
a~d, corresponding functions required by both the bright side 
and the dark side are chosen from the functions shoWn in FIG. 
4, to enhance image contrast. 

HoWever, in this prior art reference, the massive memory 
space is still needed by the mobile devices for obtaining the 
histogram constituting the entire image. Besides, the required 
equipment for practicing the prior art reference is still of great 
complexity and is not apt to be applied to the mobile devices. 

Based on the above, the prior art references are relatively 
complicated in terms of actual applications. Further, consid 
erable memory capacity is required thereby, and thus said 
technologies disclosed by the prior art references are not 
adapted to the mobile devices due to the requirements for loW 
costs and compactness. 

SUMMARY OF THE INVENTION 

The present invention is directed to an adjusting apparatus 
for enhancing the contrast of an image. With use of a mask 
processor, a portion of the image is processed at a time, so as 
to reduce a memory space of the adjusting apparatus and to 
further comply With requirements for loW costs and compact 
ness. 

The present invention is further directed to an adjusting 
method for enhancing the contrast of an image. An adjusting 
apparatus employing the adjusting method is able to satisfy 
demands for loW costs and compactness of medium and small 
mobile devices. 
The present invention provides an adjusting apparatus for 

enhancing the contrast of an image and improving the quality 
of the image. The adjusting apparatus includes a mask pro 
ces sor, a brightness detecting unit, a brightness adjusting unit, 
a ratio calculating unit and a contrast enhancing unit. 
The mask processor retrieves a pixel matrix from the image 

according to a mask dimension (e.g. m*n) of the mask pro 
cessor. That is to say, m*n pixels of the image are framed as 
the pixel matrix. Besides, the mask processor searches and 
outputs a speci?c pixel corresponding to a speci?c position in 
the pixel matrix. The brightness detecting unit compares the 
pixel values of the sub-pixels in the pixel matrix, so as to 
output the greatest pixel value served as a brightness base 
value by the comparison result. 
The outputted greatest pixel value then serves as a bright 

ness base value. AfterWards, the brightness adjusting unit 
generates a brightness enhancement value by increasing the 



US 7,916,968 B2 
3 

brightness base value and compares the brightness enhance 
ment value With a maximum gray-scale value, so as to output 
the brightness enhancement value or the maximum gray 
scale value based on the result of the comparison. 
On the other hand, the ratio calculating unit adjusts the 

output of the brightness adjusting unit With use of a ?rst 
threshold value as a base value and performs a division opera 
tion on the maximum gray- scale value and the adjusted output 
of the brightness adjusting unit, so as to obtain an adjusting 
ratio. Finally, the contrast enhancing unit adjusts the pixel 
values of the sub-pixels in the speci?c pixel With use of a 
second threshold value as the base value and multiplies the 
value of the adjusted speci?c pixel by the adjusting ratio, so as 
to output the value of the speci?c pixel processed by the 
method for enhancing the contrast. 

Note that the adjusting apparatus processes each of the 
pixels of the image as the speci?c pixel as long as the mask 
processor scans the entire image. Thereby, the contrast of the 
entire image is enhanced. 
From another perspective, the present invention provides 

an adjusting method for enhancing the contrast of an image 
and improving the quality of the image. The adjusting method 
includes ?rstly retrieving a pixel matrix from the image 
according to a mask dimension and outputting a speci?c pixel 
corresponding to a speci?c position in the pixel matrix. Next, 
the pixel values of the sub-pixel in the pixel matrix are com 
pared, so as to obtain the greatest pixel value served as a 
brightness base value by the comparison result. 

After the retrieval of the brightness base value, the adjust 
ing method further includes generating a brightness enhance 
ment value by increasing the brightness base value. Thereaf 
ter, the brightness enhancement value is compared With a 
maximum gray-scale value, so as to output the maximum 
gray-scale value or the brightness enhancement value based 
on a result of the comparison. 
On the other hand, in order to properly adjust the brightness 

of each of the pixels, the brightness enhancement value or the 
maximum gray-scale value is adjusted With use of a ?rst 
threshold value as a base value according to the adjusting 
method and a division operation is performed on the maxi 
mum gray-scale value and the adjusted value, so as to obtain 
an adjusting ratio. 

After that, the pixel values of the sub-pixels in the speci?c 
pixel are adjusted With use of a second threshold value as the 
base value and the value of the adjusted speci?c pixel is 
multiplied by the adjusting ratio. Finally, in the adjusting 
method, the mask is moved by one pixel and the above steps 
are repeated until each of the pixels of the image is sequen 
tially deemed the speci?c pixel. Thereby, each of the pixels of 
the image is processed as the speci?c pixel in sequence, so as 
to enhance the contrast of the entire image. 

The mask processor is adopted to process the image in the 
present invention, and thus the memory space required by the 
adjusting apparatus of the present invention can be more 
effectively reduced in comparison With the related art. In 
other Words, the contrast of the image can be enhanced in a 
more effective manner according to the present invention. 
Moreover, systems With use of the adjusting apparatus can be 
characterized by the loW costs and compactness based on the 
present invention. 

In order to make the aforementioned and other objects, 
features and advantages of the present invention more com 
prehensible, several embodiments accompanied With ?gures 
are described in detail beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic histogram for describing a ?rst prior 
art reference. 
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4 
FIG. 2 is another schematic histogram for describing the 

?rst prior art reference. 
FIG. 3 is a schematic histogram for describing a second 

prior art reference. 
FIG. 4 is a schematic diagram for describing a function 

according to the second prior art reference. 
FIG. 5 illustrates an adjusting apparatus for enhancing the 

contrast of an image according to an embodiment of the 
present invention. 

FIG. 6 is an image schematically illustrating the embodi 
ment depicted in FIG. 5. 

FIG. 7 is a curve diagram illustrating a relation betWeen an 
adjusting ratio AS and a greatest pixel value in a pixel matrix 
according to the embodiment depicted in FIG. 5. 

FIG. 8 is another image schematically illustrating the 
embodiment depicted in FIG. 5. 

FIG. 9 is a block diagram illustrating functions of a bright 
ness adjusting unit 630. 

FIG. 10 is a block diagram illustrating functions of a ratio 
calculating unit 640. 

FIG. 11 is a block diagram illustrating functions of a con 
trast enhancing unit 650. 

FIGS. 12A through 16A are original images for simulation. 
FIGS. 12B through 16B are images shoWn in FIGS. 12A 

through 16A as the original images but processed by an 
adjusting apparatus 600. 

FIG. 17 is a ?owchart illustrating an adjusting method for 
enhancing the contrast of an image according to an embodi 
ment of the present invention. 

DESCRIPTION OF EMBODIMENTS 

FIG. 5 illustrates an adjusting apparatus for enhancing the 
contrast of an image according to an embodiment of the 
present invention. Referring to FIG. 5, an adjusting apparatus 
600 includes a mask processor 610, a brightness detecting 
unit 620, a brightness adjusting unit 630, a ratio calculating 
unit 640, and a contrast enhancing unit 650. The mask pro 
cessor 610 is coupled to the brightness detecting unit 620 and 
the contrast enhancing unit 650. The brightness detecting unit 
620 is coupled to the brightness adjusting unit 630. The 
brightness adjusting unit 630 is coupled to the ratio calculat 
ing unit 640, While the ratio calculating unit 640 is coupled to 
the contrast enhancing unit 650. 

During the process of enhancing the contrast of an original 
image IMG, ?rst of all, the mask processor 610 retrieves a 
pixel matrix PTX from the original image IMG according to 
a mask dimension of the mask processor 610. Besides, the 
mask processor 610 outputs a speci?c pixel SP corresponding 
to a speci?c position in the pixel matrix PTX. The speci?c 
position is corresponding to a center pixel of the pixel matrix 
PTX. HoWever, people skilled in the art may also change the 
relation betWeen the speci?c position and the pixel matrix 
PTX based on actual design requirements. 
The image schematically depicted in FIG. 6 is taken for 

example. Referring to FIGS. 5 and 6 together, the original 
image IMG includes a plurality of pixels, such as pixels 
labeled as P71~P76, and each pixel includes three sub-pixels. 
For example, the pixel P74 includes the sub-pixels (r1,g1,b1), 
the pixel P75 includes the sub-pixels. (r2,g2,b2), and the pixel 
P76 includes the sub-pixels (r3,g3,b3). When the mask 
dimension of the mask processor 610 is 1*3, the mask pro 
cessor 610 outputs one pixel matrix PTX after the original 
image IMG inputs the three pixels. For example, the pixel 
matrix PTX outputted by the mask processor 610 at a certain 
time is equal to [r1,g1,b1,r2,g2,b2,r3,g3,b3], and the pixel 
matrix PTX includes the pixels P74~P76. Here, the mask 
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processor 610 outputs the pixel P75 as the speci?c pixel SP 
according to the speci?c position in the pixel matrix PTX. The 
following explanation of each sub-block of the adjusting 
apparatus 600 Will be provided and exempli?ed by the image 
schematically depicted in FIG. 6. 
The adjusting apparatus 600 receives each of the pixels in 

the original image IMG through the mask processor 610. 
Hence, the quantity of data to be processed by the adjusting 
apparatus 600 is determined upon the mask dimension of the 
mask processor 610. That is to say, in comparison With the 
related art, the adjusting apparatus 600 is able to enhance the 
contrast of the original image IMG Without requiring massive 
memory spaces for pre-storing the entire original image IMG. 

Referring to FIG. 5 again, after the brightness detecting 
unit 620 receives the pixel matrix PTX, the brightness detect 
ing unit 620 compares the pixel values of the sub-pixels in the 
pixel matrix PTX. Then the brightness detecting unit 620 
outputs a greatest pixel value served as a brightness base 
value LV by the comparison result, i.e., LV:max[r1,g1,b1,r2, 
g2,b2,r3,g3,b3]. For example, referring to FIG. 6, When the 
pixel matrix PTX:[100,125,85,70,72,77,100,101,110], the 
brightness detecting unit 620 compares the pixel values of the 
sub-pixels r1~r3, g1~g3, and b1~b3. At this time, if the pixel 
value (125) of the sub-pixel g1 is of the greatest value, the 
brightness detecting unit 620 outputs the brightness base 
value LV equal to 125. 

Thereby, the brightness adjusting unit 630 processes an 
algorithm as indicated in the folloWing equations (1)~(3) With 
use of the brightness base value LV. 

LBIL V+PM (1) 

else RVILB (3). 

Here, LB stands for a brightness enhancement value. 
PM stands for a constant. 
RV stands for a value outputted by the brightness adjusting 

unit 630. 
In addition, the sub-pixels of the pixels P71~P76 have a 

k-bit gray-scale resolution, and the maximum gray-scale 
value is (2k—1) Where k is an integer larger than 0. 

Based on the above algorithm, the degree to Which the 
pixels are required to be increased is determined. As indicated 
in the equation (1), the brightness base value LV is ?rst 
increased by the brightness adjusting unit 630, and the bright 
ness enhancement value LB is obtained by adding the con 
stant PM to the brightness base value LV. After that, as shoWn 
in the equations (2)~(3), the brightness adjusting unit 630 
compares the brightness enhancement value LB With the 
maximum gray-scale value (2k—1), so as to determine if the 
value RV stands for the brightness enhancement value LB or 
the maximum gray-scale value (2k—1). 

For example, suppose that the original image IMG has a 
8-bit (k:8) gray-scale resolution, i.e., the maximum gray 
scale value of the original image IMG is 28—1:255, and that 
the brightness base value LV is equal to 125 and the constant 
PM is equal to 80, the algorithm is indicated hereinafter. 

LBI125+80I205 (4) 

if LB>255 ,Rv:255 (5) 

else RV:205 (6). 

As shoWn in the equation (4), the brightness adjusting unit 
630 ?rstly adds the brightness base value LV(125) to the 
constant(80), so as to obtain the brightness enhancement 
value LB(205). Thereafter, as indicated in the equations (5)~ 
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6 
(6), since the brightness enhancement value LB(205) is less 
than the maximum gray-scale value(255), the value RV out 
putted by the brightness adjusting unit 630 is identical to the 
brightness enhancement value LB(205). 

Referring to FIG. 5 again, after the degree to Which the 
pixels are required to be increased is determined by the 
brightness adjusting unit 630, the algorithm as indicated in 
the folloWing equation (7) is processed by the ratio calculat 
ing unit 640. 

Here, AS stands for an adjusting ratio, While TH1 repre 
sents a ?rst threshold value. 
The ratio calculating unit 640 adjusts the value RV output 

ted by the brightness adjusting unit 630 With use of the ?rst 
threshold value TH1 as a base value. For example, the ?rst 
threshold value TH1 is subtracted from the value RV output 
ted by the brightness adjusting unit 630. Thereafter, a division 
operation is performed on the maximum gray-scale value 
(2k—1) and the adjusted output (RV-TH1) of the brightness 
adjusting unit 630, so as to obtain the adjusting ratio AS. 

For example, as shoWn in FIG. 7, it is assumed that the 
value RV outputted by the brightness adjusting unit 630 is 
equal to 205, and that the brightness base value LV outputted 
by the brightness detecting unit 620 is equal to 125. Here, 
When the greatest pixel value of the pixel in the pixel matrix 
PTX is 125, the maximum gray-scale value is further 
assumed as 255(k:8) and the ?rst threshold value TH1 is 
assumed as 12, Which is indicated in the folloWing equation 
(8). 

AS:255/(205—12):255/193:1.32 (s). 

The ratio calculating unit 640 adjusts the brightness 
enhancement value RV(205) outputted by the brightness 
adjusting unit 630 With use of the ?rst threshold value TH1. 
Namely, the ?rst threshold value TH1(12) is subtracted from 
the value RV(205) outputted by the brightness adjusting unit 
630, so as to obtain a value 193. Next, the ratio calculating 
unit 640 performs the division operation on the maximum 
gray-scale value(255) and the value 193, so as to further 
obtain the adjusting ratio AS equal to 1.32. 

After the adjusting ratioAS is acquired, the adjusting appa 
ratus 600 is able to properly adjust the brightness of each of 
the pixels through the contrast enhancing unit 650. The con 
trast enhancing unit 650 adjusts a pixel value of each of the 
sub-pixels in the speci?c pixel SP With use of a second thresh 
old value TH2 as the base value and multiplies the value of the 
adjusted speci?c pixel SP by the adjusting ratio AS, so as to 
output the value of the speci?c pixel SP processed by the 
method for enhancing the contrast. Note that the adjusting 
apparatus 600 processes each of the pixels of the image as the 
speci?c pixel SP as long as the mask processor 610 scans the 
entire image. Thereby, the contrast of the entire image is 
enhanced. Finally, through the contrast enhancing unit 650, 
the adjusting apparatus 600 generates the image IMG‘ having 
an enhanced contrast. 

The folloWing equations (9)~(12) exemplify the above 
description. 

85.8) (12) 
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When the second threshold value TH2 is equal to 12, and 
the speci?c pixel SP outputted by the mask processor 610 
stands for the pixel P75 Which is equal to (r2,g2,b2):(70, 72, 
77) as illustrated in FIG. 6, the contrast enhancing unit 650 
adjusts the pixel values of the sub-pixels r2, g2, and b2 With 
use of the second threshold value TH2. That is to say, the 
second threshold value TH2(12) is subtracted from the pixel 
values of the sub-pixels r2, g2, and b2, so as to obtain the 
adjusted speci?c pixel SP':(r2',g2',b2'):(58, 60, 65). There 
after, the contrast enhancing unit 650 multiplies the value of 
the adjusted speci?c pixel SP' by the adjusting ratioAS (1 .32), 
such that the pixel value P75':(76.56, 79.2, 85.8) processed 
by the method for enhancing the contrast is outputted. 
As depicted in FIG. 7, a curve diagram illustrating a rela 

tion betWeen the adjusting ratio AS and the greatest pixel 
value in the pixel matrix PTX is given. Here, the less the 
greatest pixel value at an area around a certain pixel is, the 
darker the area is. On the contrary, the greater the greatest 
pixel value at the area around the certain pixel is, the brighter 
the area is. Accordingly, the adjusting ratio AS having a 
relatively small value is obtained. 

In order to enable people skilled in the art to infer all the 
technical features of the present invention according to the 
teachings of the present embodiment, the operating process 
taught by the embodiment depicted in FIG. 5 Will again be 
elaborated by the image schematically illustrated in FIG. 8. 

Please refer to FIGS. 5 and 8 together. In FIG. 8, the 
original image IMG includes a plurality of the pixels, such as 
the pixels marked as P81~P92, and each pixel includes three 
sub-pixels. For example, the pixel P84 includes the sub-pixels 
(r1, g1, b1), the pixel P85 includes the sub-pixels (r2, g2, b2), 
the pixel P86 includes the sub-pixels (r3, g3, b3) . . . and the 
pixel P92 includes the sub-pixels (r9, g9, b9). Besides, the 
original image IMG depicted in FIG. 8 is assumed to have the 
8-bit gray-scale resolution. Namely, the following explana 
tion of each sub-block illustrated in FIG. 5 Will be provided 
When the maximum gray-scale value is equal to 255. 

Here, the mask dimension of the mask processor 610 is 
assumed as 3*3. Therefore, the mask processor 610 outputs 
the pixel matrix PTX after the original image IMG inputs the 
nine pixels Within the mask. For example, the pixel matrix 
PTX outputted by the mask processor 610 at a certain time is 
equal to [r1,g1,b1, . . . , r9,g9,b9], and the pixel matrix PTX 

includes the pixels P84~P92. Relatively speaking, after the 
mask processor 610 outputs the pixel P88 as the speci?c pixel 
SP according to the center pixel of the pixel matrix PTX, the 
brightness detecting unit 620 retrieves the greatest pixel value 
among the 27 sub-pixels in the pixel matrix PTX as the 
brightness base value LV. Said brightness base value LV:max 
(PTX):max(r1,g1,b1,r2,g2,b2, . . . , r9,g9,b9). 

Thereby, the brightness adjusting unit 630 processes an 
algorithm as indicated in the folloWing equations (13)~(15) 
With use of the brightness base value LV obtained by the 
brightness adjusting unit 630. 

LBIL V+PM (13) 

if LB>255 ,Rv:255 (14) 

else RVILB (15). 

Here, LB stands for the brightness enhancement value. 
PM stands for the constant. 
RV stands for the value outputted by the brightness adjust 

ing unit 630. 
Based on the algorithm indicated in the aforesaid equation 

(13), the brightness enhancement value LB is obtained by 
adding the constant PM to the brightness base value LV. 
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Moreover, as shoWn in the equations (l4)~(l5), the bright 
ness adjusting unit 630 determines if the value RV stands for 
the brightness enhancement value LB or the maximum gray 
scale value(255). 

After that, the algorithm indicated in the equation (16) is 
processed by the ratio calculating unit 640, such that the 
adjusting ratio AS is generated. 

AS:(255)/(R V- TH1) (16). 

Here, through the ratio calculating unit 640, the ?rst thresh 
old value TH1 is subtracted from the value RV outputted by 
the brightness adjusting unit 630. Next, the ratio calculating 
unit 640 performs the division operation on the maximum 
gray-scale value(255) and the adjusted value (RV-TH1). 

Thereby, as the speci?c pixel SP obtained by mask proces 
sor 610 is equal to (r5,g5,b5), the contrast enhancing unit 650 
is able to process the algorithm indicated in the folloWing 
equations (17)~(20). 

The adjusted speci?c pixel SP' equal to (r5',g5',b5') is then 
obtained. The contrast enhancing unit 650 obtains the 
adjusted pixel SP' equal to (r5',g5',b5') by subtracting the 
second threshold value TH2 from the pixel values of the 
sub-pixels r5, g5, and b5. As such, the value of the adjusted 
speci?c pixel SP' can be multiplied by the adjusting ratio AS, 
so as to output a pixel value P88‘ of the pixel P88 processed by 
the method for enhancing the contrast. 

Next, the sub-blocks 630~650 in FIG. 5 Will be further 
described hereinafter through functional block diagrams 
illustrated in FIGS. 9, 10, and 11. FIG. 9 is the block diagram 
illustrating functions of the brightness adjusting unit 630. 
FIG. 10 is the block diagram illustrating the functions of the 
ratio calculating unit 640. FIG. 11 is the block diagram illus 
trating the functions of the contrast enhancing unit 650. 

Referring to FIG. 9, the brightness adjusting unit 630 
includes an adder 631 and a function calculator 632. The 
algorithm processed by the adder 631 and the function cal 
culator 632 can be referred in the equations (l)~(3). Here, the 
adder 631 adds the brightness base value LV to the constant 
PM and obtains the brightness enhancement value LB. Next, 
the function calculator 632 compares the brightness enhance 
ment value LB With the maximum gray-scale value, so as to 
properly determine if the brightness enhancement value LB 
or the maximum gray-scale value is to be outputted. 
The maximum gray-scale value represents an upper limit 

of the brightness of one image. Accordingly, as the brightness 
enhancement value LB exceeds the maximum gray-scale 
value, the function calculator 632 permits the output of the 
maximum gray- scale value instead of the output of the bright 
ness enhancement value LB; otherWise, the output of the 
brightness enhancement value LB is determined. 

Next, referring to FIG. 10, the ratio calculating unit 640 
includes an adder 641 and a divider 642. The adder 641 
subtracts the ?rst threshold value TH1 from the value RV 
outputted by the brightness adjusting unit 63 0. Thereafter, the 
divider 642 performs a division operation on the maximum 
gray-scale value and the output of the adder 641, so as to 
further obtain the adjusting ratio AS. 

Finally, referring to FIG. 11, the contrast enhancing unit 
650 includes an adder 651 and a multiplier 652. The adder 651 
is employed for performing the subtraction operation on the 
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second threshold value TH2 and the pixel values of the sub 
pixels in the speci?c pixel SP, While the multiplier 652 is used 
to perform a multiplication operation on the adjusting ratio 
AS and the output of the adder 651, so as to output the image 
having the contrast enhanced by the adjusting apparatus 600. 

To verify the feasibility of the adjusting apparatus 600 
taught by the embodiment of the present invention, a simula 
tion of the original image depicted in FIGS. 12 through 16 is 
conducted, in Which the adjusting apparatus 600 is assumed 
to have the constant PM equal to 80, the ?rst threshold value 
TH1 equal to 12, and the second threshold value TH2 equal to 
12. 

Referring to FIGS. 12B~16B, the image depicted in FIG. 
12B is the original image illustrated in FIG. 12A but pro 
cessed by the adjusting apparatus 600. The image depicted in 
FIG. 13B is the original image illustrated in FIG. 13A but 
processed by the adjusting apparatus 600. The above prin 
ciple is also applied to the relations betWeen FIGS. 14B~16B 
and FIGS. 14A~16A. 

Finally, please refer to FIG. 17 Which is a ?owchart illus 
trating an adjusting method for enhancing the contrast of an 
image according to the embodiment of the present invention. 
Referring to FIG. 17, during the process of enhancing the 
contrast of the image, a pixel matrix is ?rstly retrieved from 
the image according to a mask dimension in step S181, and a 
pixel corresponding to a speci?c position in the pixel matrix 
is outputted as a speci?c pixel. Since the adjusting method of 
the present embodiment merely aims at retrieving and pro 
cessing the pixel matrix PTX constituted by several adjacent 
pixels at a time, it is not necessary to store the data of the entire 
image by using the massive memory spaces. 

Next, in step S182, the pixel values of the sub-pixels in the 
pixel matrix are compared, so as to obtain the greatest pixel 
value served as a brightness base value by the comparison 
result. To determine the degree to Which each of the pixels is 
required to be increased, the brightness base value is 
increased in step S183 according to the adjusting method, and 
a brightness enhancement value is accordingly acquired. 
Thereafter, in step S184, the brightness enhancement value is 
compared With a maximum gray-scale value, so as to output 
the maximum gray-scale value or the brightness enhance 
ment value based on a result of the comparison. 

Afterwards, in step S185, the maximum gray- scale value or 
the brightness enhancement value is adjusted With use of a 
?rst threshold value as a base value, and a division operation 
is performed on the maximum gray-scale value and the 
adjusted value, so as to obtain an adjusting ratio. 

After obtaining the adjusting ratio, in step S186 of the 
adjusting method, the values of the sub-pixels in the speci?c 
pixel are adjusted With use of a second threshold value as the 
base value, and the value of the adjusted speci?c pixel is 
multiplied by the adjusting ratio, so as to output the speci?c 
pixel processed by the method of enhancing the contrast. 

Next, in step S187, each of the pixels in the entire image is 
determined to ensure each of the pixels is already deemed the 
speci?c pixel in sequence. Suppose that one of the pixels in 
the image is not yet regarded as the speci?c pixel and thus not 
processed, the mask corresponding to the image is moved by 
one pixel in step S188 of the adjusting method. Thereby, the 
steps S181~S187 are repeated based on the moved mask. As 
such, each of the pixels of the image is sequentially processed 
as the speci?c pixel, so as to enhance the contrast of the entire 
image. 

Note that the ?rst and the second threshold values may be 
adjusted at Will based on the actual demands of the adjusting 
apparatus. As regards other detailed steps of the adjusting 
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10 
method, no further description Will be given hereinafter 
because the previous embodiments have clearly disclosed the 
same. 

To sum up, a portion of the image is processed by the mask 
processor at a time according to the present invention, so as to 
reduce the memory space required by the adjusting apparatus. 
Further, in comparison With the related art, the adjusting 
apparatus of the present invention is adapted to the mobile 
devices requiring compactness and the loW costs. 

It Will be apparent to those skilled in the art that various 
modi?cations and variations can be made to the structure of 
the present invention Without departing from the scope or 
spirit of the invention. In vieW of the foregoing, it is intended 
that the present invention cover modi?cations and variations 
of this invention provided they fall Within the scope of the 
folloWing claims and their equivalents. 

What is claimed is: 
1. An adjusting apparatus for enhancing the contrast of an 

original image comprising a plurality of pixels, each of the 
pixels comprising a plurality of sub-pixels, the adjusting 
apparatus comprising: 

a mask processor for retrieving a pixel matrix from the 
original image according to a mask dimension of the 
mask processor and outputting a speci?c pixel corre 
sponding to a speci?c position in the pixel matrix; 

a brightness detecting unit for comparing a plurality of 
pixel values of the sub-pixels, so as to output a greatest 
pixel value served as a brightness base value by the 
comparison result; 

a brightness adjusting unit for generating a brightness 
enhancement value by increasing the brightness base 
value and comparing the brightness enhancement value 
With a maximum gray-scale value, so as to output the 
brightness enhancement value or the maximum gray 
scale value based on a result of the comparison; 

a ratio calculating unit for adjusting the output of the 
brightness adjusting unit With use of a ?rst threshold 
value as a base value and performing a division opera 
tion on the maximum gray-scale value and the adjusted 
value outputted by the brightness adjusting unit, so as to 
obtain an adjusting ratio; and 

a contrast enhancing unit for adjusting the values of the 
sub-pixels in the speci?c pixel With use of a second 
threshold value as the base value and multiplying the 
value of the adjusted speci?c pixel by the adjusting ratio, 
so as to output the value of the speci?c pixel processed 
by a method of enhancing the contrast. 

2. The adjusting apparatus of claim 1, Wherein the bright 
ness adjusting unit obtains the brightness enhancement value 
through adding a constant to the brightness base value. 

3. The adjusting apparatus of claim 2, Wherein the constant 
is equal to 80. 

4. The adjusting apparatus of claim 2, Wherein the constant 
is presented as PM, the brightness base value is presented as 
LV, the sub-pixels have a k-bit gray-scale resolution, and the 
maximum gray-scale value is (2k—1), Where k is an integer 
larger than 0, the brightness adjusting unit comprising: 

an adder for adding the brightness base value LV to the 
constant PM and producing the brightness enhancement 
value presented as LB; and 

a function calculator for comparing the brightness 
enhancement value LB With the maximum gray-scale 
value (2k—1), the function calculator outputting the 
brightness enhancement value LB When the brightness 
enhancement value LB is less than the maximum gray 
scale value, the function calculator otherWise outputting 
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the maximum gray-scale value When the brightness 
enhancement value LB is not less than the maximum 
gray-scale value, 

namely, the brightness adjusting unit outputting the bright 
ness enhancement value LB or the maximum gray-scale 
value based on a ?rst algorithm, Wherein the value out 
putted by the brightness adjusting unit is presented as 
RV, and the ?rst algorithm is: 

else RVILB. 

5. The adjusting apparatus of claim 4, Wherein k is equal to 
8. 

6. The adjusting apparatus of claim 1, Wherein the ratio 
calculating unit subtracts the ?rst threshold value from the 
value outputted by the brightness adjusting unit, so as to 
generate the adjusted output of the brightness adjusting unit. 

7. The adjusting apparatus of claim 1, Wherein the ?rst 
threshold value is equal to 12. 

8. The adjusting apparatus of claim 1, Wherein the ?rst 
threshold value is presented as TH1, the value outputted by 
the brightness adjusting unit is presented as RV, the adjusting 
ratio is presented as AS, the sub-pixels have a k-bit gray-scale 
resolution, and the maximum gray-scale value is (2k—1), 
Where k is an integer larger than 0, the ratio calculating unit 
comprising: 

a ?rst adder for performing a subtraction operation on the 
?rst threshold value TH1 and the value RV outputted by 
the brightness adjusting unit; and 

a divider for performing a division operation on the maxi 
mum gray-scale value and the value outputted by the 
?rst adder, 

namely, the ratio calculating unit obtaining the adjusting 
ratio AS according to a second algorithm Which is 

9. The adjusting apparatus of claim 1, Wherein the contract 
enhancing unit subtracts the second threshold value from the 
values of the sub-pixels in the speci?c pixel, respectively, so 
as to obtain the adjusted speci?c pixel. 

10. The adjusting apparatus of claim 1, Wherein the second 
threshold value is equal to 12. 

11. The adjusting apparatus of claim 1, Wherein each of the 
pixels comprises three sub-pixels respectively presented as r, 
g and b, the second threshold value is presented as TH2, the 
adjusting ratio is presented as AS, and the speci?c pixel 
processed by the method for enhancing the contrast is pre 
sented as P', the contract enhancing unit comprising: 

a second adder for performing a subtraction operation on 
the second threshold value TH2 and the sub-pixels r, g 
and b of the speci?c pixel, respectively; and 

a multiplier for performing a multiplication operation on 
the output of the second adder and the adjusting ratio AS, 

namely, the contract enhancing unit obtaining the speci?c 
pixel P' processed by the method for enhancing the con 
trast according to a third algorithm Which is: 

12. The adjusting apparatus of claim 1, Wherein the sub 
pixels have a k-bit gray-scale resolution, and the maximum 
gray-scale value is (2k—1) Where k is an integer larger than 0. 

13. The adjusting apparatus of claim 1, Wherein the speci?c 
position is corresponding to a center pixel of the pixel matrix. 
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14. An adjusting method for enhancing the contrast of an 

original image comprising a plurality of pixels, each of the 
pixels comprising a plurality of sub-pixels, the adjusting 
method comprising: 

retrieving a pixel matrix from the original image according 
to a mask dimension and outputting a speci?c pixel 
corresponding to a speci?c position in the pixel matrix; 

comparing a plurality of pixel values of the sub-pixels in 
the pixel matrix, so as to obtain a greatest pixel value 
served as a brightness base value by the comparison 
result; 

increasing the brightness base value to obtain a brightness 
enhancement value; 

comparing the brightness enhancement value With a maxi 
mum gray-scale value, so as to output the maximum 
gray-scale value or the brightness enhancement value 
based on a result of the comparison; 

adjusting the maximum gray-scale value or the brightness 
enhancement value With use of a ?rst threshold value as 
a base value and performing a division operation on the 
maximum gray-scale value and the adjusted value, so as 
to obtain an adjusting ratio; 

adjusting each of the sub-pixels in the speci?c pixel With 
use of a second threshold value as the base value and 
multiplying the value of the adjusted speci?c pixel by 
the adjusting ratio; and 

moving the mask by one pixel and repeating the above 
steps until each of the pixels in the original image is 
sequentially deemed the speci?c pixel. 

15. The adjusting method of claim 14, Wherein the step of 
increasing the brightness base value presented as LV com 
prises: 

adding the brightness base value LV to a constant PM and 
producing the brightness enhancement value referred to 
as LB (LB:LV+PM), Wherein the constant is presented 
as PM, While the brightness enhancement value pre 
sented as LB. 

16. The adjusting method of claim 15, Wherein the constant 
PM is equal to 80. 

17. The adjusting method of claim 15, Wherein the result of 
comparing the brightness enhancement value With the maxi 
mum gray-scale value is presented as LV, the sub-pixels have 
a k-bit gray-scale resolution, and the maximum gray-scale 
value is (2k—1), Where k is an integer larger than 0, the step of 
outputting the maximum gray-scale value or the brightness 
enhancement value based on the result of the comparison 
comprising: 

outputting the brightness enhancement value LB When the 
brightness enhancement value LB is less than the maxi 
mum gray-scale value; or 

outputting the maximum gray- scale value When the bright 
ness enhancement value LB is greater than the maxi 
mum gray-scale value, Which is represented as the fol 
loWing: 

else RVILB. 

18. The adjusting method of claim 17, Wherein k is equal to 
8. 

19. The adjusting method of claim 14, Wherein the step of 
adjusting the brightness enhancement value or the maximum 
gray-scale value With use of the ?rst threshold value as the 
base value comprises: 

performing a subtraction operation on the ?rst threshold 
value and the maximum gray-scale value or on the ?rst 
threshold value and the brightness enhancement value. 
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20. The adjusting method of claim 14, wherein the step of 
adjusting each of the sub-pixels in the speci?c pixel With use 
of the second threshold Value as the base Value comprises: 

performing a subtraction operation on the second threshold 
Value and the Values of the sub-pixels in the speci?c 
pixel. 

21. The adjusting method of claim 14, Wherein the sub 
pixels have a k-bit gray-scale resolution, and the maximum 
gray-scale Value is (2k—1) Where k is an integer larger than 0. 
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22. The adjusting method of claim 14, Wherein the speci?c 

position is corresponding to a center pixel of the pixel matrix. 
23. The adjusting method of claim 14, Wherein the ?rst 

threshold Value is equal to 12. 
24. The adjusting method of claim 14, Wherein the second 

threshold Value is equal to 12. 


